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POWER GENERATION SYSTEM

A power generation system which generates

electric power includes a fuel cell system in which sup-
plied reactants react to generate electric power and a
circulation system that circulates a product generated by

the fuel cell system. The circulation system is configured
to resupply at least some elements of the product gen-
erated by the fuel cell system as a reactant of the fuel
cell system.
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Description
TECHNICAL FIELD

[0001] The inventive concept relates to a power gen-
eration system, and more particularly, to a power gener-
ation system which generates electric power and in-
cludes afuel cell system inwhich supplied reactants react
to generate electric power and a circulation system con-
figured to circulate a product generated by the fuel cell
system and resupply at least a portion of the product
generated by the fuel cell system as a reactant of the fuel
cell system.

BACKGROUND ART

[0002] A fuel cell is a device that converts chemical
energy stored in a hydrocarbon fuel into electric energy
through an electrochemical reaction. In general, a fuel
cell includes an anode and a cathode separated by an
electrolyte that conducts an electric current to electrically
charged ions. A molten carbonate fuel cell operates as
a reactant fuel gas passes through the anode, while a
gas containing carbon dioxide is oxidized, and oxygen
passes through the cathode.

[0003] When the fuel cell is used, a certain product
may be emitted as the reactant fuel gas reacts. The prod-
uct, however, contains a large amount of carbon dioxide
that is responsible for global warming and atmospheric
changes and thus the environment is badly influenced
by this product. Accordingly, it is important to collect and
process carbon dioxide so as to supply and use the fuel
cell.

DETAILED DESCRIPTION OF THE INVENTIVE CON-
CEPT

TECHNICAL PROBLEM

[0004] The inventive concept provides a power gener-
ation system which generates electric power and in-
cludes afuel cell system inwhich supplied reactants react
to generate electric power and a circulation system con-
figured to circulate a product generated by the fuel cell
system and resupply at least a portion of the product as
a reactant of the fuel cell system.

TECHNICAL SOLUTION

[0005] Accordingtoanaspectoftheinventive concept,
a power generation system which generates electric
power includes a fuel cell system in which supplied re-
actants reactto generate electric power; and a circulation
system for circulating a product generated by the fuel cell
system, wherein the circulation system resupplies at
least a portion of the product generated by the fuel cell
system as a reactant of the fuel cell system.

[0006] The fuel cell system may include an anode in
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which the reactants react, and a cathode. Hydrogen may
be supplied to the anode and oxygen and carbon dioxide
may be supplied to the cathode.

[0007] The circulation system may include a separator
for separating at least a portion of the product generated
by the fuel cell system and resupplying that as a reactant
of the fuel cell system.

[0008] The separator may separate carbon dioxide
from the product generated by the fuel cell system and
resupply the carbon dioxide to the fuel cell system.
[0009] The separator may be a phase separator using
a boiling point difference.

[0010] The power generation system may further in-
clude a combustion system, and the combustion system
may be located at a rear end of the fuel cell system, and
in which oxygen and hydrogen included in the product
react to generate water and carbon dioxide.

[0011] The combustion system may be a catalyst com-
bustion system using a predetermined catalyst.

[0012] The power generation system may further in-
clude a turbine power generation system including a tur-
bine and configured to generate electric power by rotating
the turbine. The turbine power generation system may
be located at a rear end of the combustion system and
generate electric power by rotating the turbine using at
least one of the water and the carbon dioxide generated
by the combustion system.

[0013] The power generation system may further in-
clude a heat exchanger for exchanging heat of the prod-
uct generated by the combustion system with external
heat.

ADVANTAGEOUS EFFECTS

[0014] A powergeneration system according to an em-
bodiment of the inventive concept includes a fuel cell
system and a circulation system and may thus reuse a
product generated by the fuel cell system as a reactant
thereof. Thus, an overall power generation efficiency of
the power generation system may be improved, and a
product that may be an environmental pollution factor
may be prevented from being emitted. For example,
when the circulation system re-circulates carbon dioxide
contained in the product generated by the fuel cell sys-
tem, carbon dioxide that is responsible for globalwarming
may be suppressed from being emitted, thereby sup-
pressing generation of a pollutant.

[0015] Also, a power generation system according to
an embodiment of the inventive concept includes a cir-
culation system with a separator and may thus greatly
increase an efficiency of recycling a product generated
from a fuel cell. Since carbon dioxide may be separated
and reused, an environmental pollution may be prevent-
ed.

[0016] Also, a power generation system according to
an embodiment of the inventive concept includes a fuel
cell system and a turbine power generation system and
may be thus embodied as a hybrid power generation sys-
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tem. Thus, electric power may be generated by a turbine
using a high-temperature product generated from a fuel
cell while electric power is generated using the fuel cell,
thereby greatly increasing the amount of electric power
and an efficiency of energy utilization.

[0017] Also, a power generation system according to
an embodiment of the inventive concept includes a heat
exchanger and thus an overall energy utilization efficien-
cy of the power generation system may be greatly in-
creased.

DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1is a conceptual diagram of a power generation
system according to an embodiment of the inventive
concept; and

FIG. 2 is a circuit diagram of a power generation
system according to an embodiment of the inventive
concept.

BEST MODE

[0019] Apowergenerationsystemthatgenerates elec-
tric power according to an embodiment of the inventive
concept includes a fuel cell system in which supplied re-
actants react to generate electric power and a circulation
system that circulates a product generated by the fuel
cell system. The circulation system is configured to re-
supply at least a portion of the product generated by the
fuel cell system as a reactant of the fuel cell system.

MODE OF THE INVENTIVE CONCEPT

[0020] Hereinafter, exemplary embodiments of the in-
ventive concept will be described with reference to the
accompanying drawings. The inventive concept is not,
however, limited by these exemplary embodiments.
[0021] The advantages and features of the inventive
concept and methods of achieving them will become ap-
parent and more readily appreciated from the following
description of the exemplary embodiments, taken in con-
junction with the accompanying drawings. The inventive
concept may, however, be embodied in many different
forms and should not be construed as being limited to
the embodiments set forth herein. Rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete and will fully convey the concept of
the inventive concept to those of ordinary skill in the art.
The scope of the inventive concept is defined in the
claims and their equivalents. The same reference numer-
als represent the same elements throughout the detailed
description.

[0022] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the inventive concept. As used

herein, the singular forms "a", "an" and "the" are intended
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to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprise" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, elements, components, and/or groups thereof.
[0023] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which the inventive concept belongs. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having ameaning that is consistent with their mean-
ing in the context of the relevant art and will not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.

[0024] FIG. 1 is a conceptual diagram of a power gen-
eration system 1 according to an embodiment of the in-
ventive concept. FIG. 2 is a circuit diagram of the power
generation system 1 according to an embodiment of the
inventive concept.

[0025] The powergeneration system 1 accordingtoan
embodiment of the inventive concept is configured to
generate electric power and may include a fuel cell sys-
tem 100 in which reactants reactto generate electric pow-
erand a circulation system 200 which circulates a product
generated by the fuel cell system 100. The circulation
system 200 is configured to resupply at least a portion
of the product generated by the fuel cell system 100 as
a reactant of the fuel cell system 100.

[0026] The fuel cell system 100 may be a system which
generates electric energy from chemical energy through
a reaction of predetermined reactants. That is, the fuel
cell system 100is a system that generates electric energy
from chemical energy generated when a reactant used
as a fuel is oxidized. A product may be generated as the
reactants react. The product may be, for example, a gas.
[0027] Here, the product should be understood as a
concept including not only a material generated as the
reactants react in the fuel cell system 100 but also resi-
dues of the reactants that did not react and are thus emit-
ted as the efficiency of reaction is not 100%, i.e., a con-
ceptincluding all materials emitted from the fuel cell sys-
tem 100.

[0028] The fuel cell system 100 may include an anode
110, a cathode 120, and an electrolyte present between
the anode 110 and the cathode 120. The fuel cell system
100 may embodied as various systems, e.g., aphosphor-
ic acid fuel cell system, a molten carbonate fuel cell sys-
tem, a solid electrolyte fuel cell system, a solid polymer
fuel cell system, etc., according to the type of the elec-
trolyte. In the present disclosure, the fuel cell system 100
according to an embodiment of the inventive may be a
molten carbonate fuel cell system.

[0029] The anode 110 acts as a fuel electrode to which
a predetermined fuel among reactants is supplied. The
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fuel may be, for example, hydrogen. The cathode 120
may act as an oxide electrode to which oxygen and car-
bon dioxide among the reactants are supplied. Thus, the
fuel cell system 100 according to an embodiment of the
inventive concept may be a pure oxygen combustion ap-
paratus using pure oxygen.

[0030] Hydrogen may be injected into the anode 110
to generate electrons through an oxidation reaction, and
oxygen and carbon dioxide may be supplied into the cath-
ode 120 to generate carbonate ions.

[0031] The carbonate ions may move from the cathode
120 to the anode 110 through the electrolyte present be-
tween the anode 110 and the cathode 120. Here, in the
anode 110, the carbonate ions provided from the cathode
120 may react with hydrogen to generate water and car-
bon dioxide. Here, the water should be understood as
including not only a liquid state but also a gaseous state,
e.g., vapor, and the state of the water is not limited. Elec-
tric power may be generated as electric current flows
through the electrons generated in the anode 110 when
the electrons pass through an external circuit.

[0032] As described above, since the efficiency of re-
action of the fuel cell system 100 is not 100%, a product
passing through the fuel cell system 100 may include
water generated when hydrogen, oxygen, and carbon
dioxide which are reactants react with one another, car-
bon dioxide, and residual hydrogen and oxygen that did
not react and thus remain. That is, the product may in-
clude hydrogen, oxygen, water, and carbon dioxide.
[0033] The circulation system 200 is configured to cir-
culate the product and resupply at least a portion of the
product generated in the fuel cell system 100 as a reac-
tant of the fuel cell system 100.

[0034] That s, at least a portion of the product gener-
ated in the fuel cell system 100 may be circulated to be
re-used as a reactant of the fuel cell system 100.
[0035] For example, the circulation system 200 may
separate carbon dioxide from the product and resupply
the carbon dioxide as a reactant of the fuel cell system
100.

[0036] Sincethe power generation system 1 according
to an embodiment of the inventive concept includes the
fuel cell system 100 and the circulation system 200, the
product generated by the fuel cell system 100 may be
reused as a reactant of the fuel cell system 100. Thus,
an overall power generation efficiency of the power gen-
eration system 1 may be improved and the product that
may be an environmental pollution factor may be pre-
vented from being emitted. For example, as described
above, when the circulation system 200 re-circulates car-
bon dioxide contained in the product of the fuel cell sys-
tem 100, carbon dioxide which is responsible for global
warming may be suppressed from being emitted, thereby
suppressing generation of a pollutant.

[0037] According to an embodiment of the inventive
concept, the circulation system 200 may include a sep-
arator 210 that separates elements from the productgen-
erated in the fuel cell system 100, and the circulation
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system 200 may be configured to resupply the elements
separated from the product by the separator 210 as re-
actants of the fuel cell system 100.

[0038] The separator 210 may be a phase separator
and may separate elements from the product. For exam-
ple, the separator 210 may separate carbon dioxide and
water from the product by using the difference between
boiling points of the carbon dioxide and the water. The
carbon dioxide and the water are separated from the
product by the separator 210, and the circulation system
200 may resupply the carbon dioxide to the cathode 120
of the fuel cell system 100. In this case, the separator
210 may further include elements for separating oxygen
and hydrogen, and provide the separated oxygen and
hydrogen to the anode 110 and the cathode 120, respec-
tively.

[0039] Since the power generation system 1 according
to an embodiment of the inventive concept includes the
circulation system 200 with the separator 210, the effi-
ciency of recycling a product generated from a fuel cell
may be greatly increased. As described above, carbon
dioxide may be separated and reused, thereby prevent-
ing environmental pollution.

[0040] According to an embodiment of the inventive
concept, the power generation system 1 may further in-
clude a combustion system 300. In The combustion sys-
tem 300, the hydrogen and oxygen contained in the prod-
uct react to generate carbon dioxide and water.

[0041] Thatis, as described above, since the efficiency
of reaction of the fuel cell system 100 is not 100%, resi-
dues of oxygen and hydrogen used as reactants may
remain and be thus contained in a product. Thus, the
combustion system 300 in which residues of oxygen and
hydrogen react to generate carbon dioxide and vapor
from the residues of oxygen and hydrogen.

[0042] The combustion system 300 may be installed
at a rear end of the fuel cell system 100 and may cause
non-reacted oxygen and hydrogen to react to generate
carbon dioxide and vapor.

[0043] The combustion system 300 may be embodied
as a catalyst combustion system using a predetermined
catalyst.

[0044] According to an embodiment of the inventive
concept, the power generation system 1 may further in-
clude a turbine power generation system 400. The tur-
bine power generation system 400 generates electric
power by rotating a turbine using a product generated by
the combustion system 300.

[0045] Whenresidues of oxygen and hydrogen that did
not react in the fuel cell system 100 and thus remain in
the product are burnt by the combustion system 300,
water and carbon dioxide are generated. In this case,
since the water and the carbon dioxide are generated by
the combustion system 300, the carbon dioxide may be
in a gaseous state having high-temperature heat energy
and the water may be emitted in the form of high-tem-
perature and high-pressure vapor. Thus, the turbine pow-
er generation system 400 may be further installed to gen-
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erate electric power from the heat energies of the carbon
dioxide and the water that are in the gaseous state. The
turbine power generation system 400 may be installed
atarear end of the combustion system 300 and generate
electric energy by rotating a turbine using the carbon di-
oxide and the water that are in the high-temperature gas-
eous state.

[0046] As described above, the power generation sys-
tem 1 according to an embodiment of the inventive con-
cept includes the fuel cell system 100 and the turbine
power generation system 400 and may be thus embodied
as a hybrid power generation system. Thus, electric pow-
er may be generated using not only a fuel cell but also a
turbine that uses a high-temperature product generated
by the fuel cell, thereby greatly increasing the amount of
electric power and the efficiency of using energy.
[0047] According to an embodiment of the inventive
concept, the power generation system 1 may further in-
clude a heat exchanger 500 that collects at least a portion
of heat energy of a product generated by the fuel cell
system 100.

[0048] The heat exchanger 500 may be connected to
the circulation system 200 so as to exchange heat of the
product of the fuel cell system 100 circulated by the cir-
culation system 200 with external heat.

[0049] For example, the heat exchanger 500 may be
installed at a rear end of the turbine power generation
system 400 to exchange heat of a gas passing through
the turbine power generation system 400 with external
heat. That is, vapor and carbon dioxide generated when
oxygen and hydrogen are burnt by the combustion sys-
tem 300 are high-temperature gases and may be thus
used to generate electric power by the turbine power gen-
eration system 400. Also, the heat exchanger 500 con-
figured to exchange heat energy of a gas passing through
the turbine power generation system 400 with external
heat may be installed to use the heat energy of the gas.
The heat exchanger 500 may have, for example, a pipe
structure to use the exchanged heat for heating or the
like.

[0050] Byinstallingthe heatexchanger500, the overall
energy utilization efficiency of the power generation sys-
tem 1 according to an embodiment of the inventive con-
cept may be greatly increased.

[0051] While the inventive concept has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood that various
changes in form and details may be made therein without
departing from the spirit and scope of the following
claims.

Claims
1. Apower generation system which generates electric

power, the power generation system system com-
prising:
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a fuel cell system in which supplied reactants
react to generate electric power; and

a circulation system for circulating a product
generated by the fuel cell system,

wherein the circulation system resupplies at
least a portion of the product generated by the
fuel cell system as a reactant of the fuel cell sys-
tem.

The power generation system of claim 1, wherein
the fuel cell system comprises an anode and a cath-
ode where the reactants react,

wherein hydrogen is supplied to the anode, and
oxygen and carbon dioxide are supplied to the cath-
ode.

The power generation system of claim 1, wherein
the circulation system comprises a separator for sep-
arating at least a portion of the product generated
by the fuel cell system and resupply the at least the
portion as a reactant of the fuel cell system.

The power generation system of claim 3, wherein
the separator separates carbon dioxide from the
product generated by the fuel cell system and resup-
plies the carbon dioxide to the fuel cell system.

The power generation system of claim 4, wherein
the separator is a phase separator operating accord-
ing to a boiling point difference.

The power generation system of claim 1, further
comprising a combustion system,

wherein the combustion system is located at a rear
end of the fuel cell system and in which oxygen and
hydrogen included in the product react to generate
water and carbon dioxide.

The power generation system of claim 6, wherein
the combustion system is a catalyst combustion sys-
tem using a predetermined catalyst.

The power generation system of claim 6, further
comprising a turbine power generation system in-
cluding a turbine and configured to generate electric
power by rotating the turbine,

wherein the turbine power generation system is lo-
cated at a rear end of the combustion system and
generates electric power by rotating the turbine using
at least one of the water and the carbon dioxide gen-
erated by the combustion system.

The power generation system of claim 1, further
comprising a heat exchanger for exchanging heat of
the product generated by the combustion system
with external heat.
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